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HIGH-SPEED  Qjimzim  GASIFICATION  OF  BESZIHS 

/Following  is  the  translation  of  an  article  try  M.  I. 

Deanet’yeva,  M.  A,'  Rivin,  and  D.  M.  Rudkovskiy,  entitled 

•’Vysokoskorostnaya  Okislitel*  naya  Gaslfik&tsiya  Benzina” 

(English  version  above)  in  Zhumal  Prikladnoy  Khiaii, 

Voll  19,  Ho.  ?,  Moscow,  19^6,  pages  632-650 J 

The  process  of  the  high- temperature  decomposition  of 

petroleum  fractions  fo^the  purpose  of  obtaining  gases  rich  in  olefinic 
hydro c s.rb o'n s  has  been  the  object  of  a  number  of  studies  (Bibl.  1,  2). 
Dubrovay,  Chelintsev,  et  al  (Bibl.  3).  and  subsequently  Dobryanskiy 
and  Bogomolov  (Bibl.  A)  discovered  that  the  introduction  of  small 
amounts  of  oxygen  into  the  process  of  thermal  decomposition 

ncr eases  the  total  yield  of  the  gas  and  the  yield  of 

1 

the  olefins  —  ethylene,  propylene,  and  butylenes. 

Our  goal  was  to  investigate  the  process  of  obtaining  gas  from 
liquid  fuel,  as  previously  suggested  by  one  of  us  (Bibl.  5>  H)» 
considering  that  the  forced  method  of  obtaining  rich  hydrocarbon 
gases  may  find  application  in  man;/-  branches  of  industry  and  national 
economy. 

This  method  of  gasification  of  hydrocarbons  can  be  applied  to 
obtain:  (l)  industrial  gas;  (2)  rich  power  gas  (for,  among  others, 
transport  power  installations);  and  (3)  chemically  valuable  unsattsr&tedS. 
gases. 

The  following  postulate  underlies  the  investigated  process:  (l)  the 
4- 


of  hydrocarbons 


1 


process  of  gasification  should  be  completely  autonomous  in  the  thermal 
and  chemical  sense,  which  is  of  particular  importance  when  this  process 

is  utilised  ft>  o b'ttL.i -a  (2)  this  should  be  a  high- temperature 

►  .  ,  ,  < 

process,  which  is  necessary  to  achieve  a  substantial  gas  yield  and  to 
'‘force8  the  process  and  the  apparatus;  and  (3)  the  gasification  should 

0wtrodwu/ij£j3 

be  oxidizing,  because  the  volumetric  determination^of  heat  during 
oxidation  is  the  most  perfect  and  effective  method  of  fprct  heat 
into  the  zone  of  the  ©ndo thermal  decomposition  reaction. 

The  presence  of  oxygen  should  promote  a  more  extensive  $5 die:/ aft en  cfpte 

original  fuel,  and  the  dilution  of  the  fuel  with  nitrogen 
should  retard  the  process  of  the  formation  of  heavy  molecules 

from  the  products  of  primary  decomposition. 

The  thus  developed  process  was  termed  by  us  "high-temperature 
oxidizing  gasification"  (Bibl.  5),  which  reflects  most  fully  the  spe¬ 
cific  features  of  this  process.  The  difference  between  gasification  and 

|>ufeT*>VtU!s- 

other  processes,  including  pyrolysis  aad^pxidizing  cracking,  consists 
primarily  in  that  the  purpose  of  gasification,  ^pre-determining  the 
selection  of  all  parameters  of  this  process,  is  to  obtain  a  maximal 
gas  yield.  The  range  of  working  temperatures,  composition  of 

the  gasified  mixtures,  etc.,  all  are  geared  to  this  purpose. 

Selecting  the  Basic  parameters  of  the  Process.  A  high  unit  produ- 

.  etivity  and  high  gas  yield  during  the  gasification  can  be 
achieved  by  applying  high  reaction  temperatures.  The  optimal  temperate- 


*  "I 

Ires  mav  differ  for  different  types  of  raw  material,  according  to  their 

\4h<&  lr 

fractional  and  group  composition,  because  the  speedsp^decoiaposition 
reaction  may  differ.  An  analysis  of  the  available  data  (Bibl.  5)  shows 
that  these  temperatures  should  be  not  bedew'  600°C. 

A  rational  construction  of  the  thermal  process,  deep 

dissociation  of  the  original  fuel  and  minimal  °~  coke 

are  achieved  by  using  oxidizing  decomposition,  in  which  the  dissocia¬ 
tion  proceeds  in  the  presence  of  oxygen.  In  this  case,  the  heat 
necessary  to  materialise  the  reaction  is  released  uniformly  throughout 
the  VM«b$S  and  this  eliminates  a  number  of  major  technological  diffi¬ 
culties  Involved  in  introducing  a  large  amount  of  high-potential  heat 
through  the  walls  of  the  apparatus.* 

The  achievement  of  .  deep  dissociation  is  most  diffi¬ 

cult  when  the  yield  of  high-molecular  products  and  carbon  is  low. 

The  -specific  effect  of  the  dilution  with  air  should 
manifest  Itself  primarily  in  the  decrease  in  the  partial  pressure  of^ihe 
fuel  and  the  products  of  its  decomposition  in  the  reaction  zone.  In 
general  the  decomposition  reactions  correspond  well  with 

the  former,  and  the  condensation  reactions  —  with  the  latter;  thus, 
the  decrease  in  the  condensation  of  fuel  because  of  dilution  should 
reduce  the  speed  of  the  condensation  reactions  without  exerting  an 

appreciable  effect  on  the  rate  of  decomposition. 

*The  technological  advantages  of  the  volumetric  introduction  of  heat 
by  means  of  oxidation  have  bean  investigated  in  sufficient  detail  by 
the  originator  of  the  method  of  oxidizing  cracking,  K.  K»  IXibrovay. 

4- 
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Only  the  nitrogen  of  the  air  can  be  considered  as  the  inert  diluent 
here.  The  chemical  effect  of  the  oxygen  entering  into  the  reaction  is 
difficult  to  anticipate,  because  oxygen  catalyses  both  reactions.  The 
catalytic  influence  of  oxygen  lias  been  determined  only 

/.qualitatively, so  far.  nonetheless,  it  appears  quite 


- up  postulate  that  oxidising  decomposition  in  the  presence  of 
comparatively  high  concentrations  of  oxygen  should  lead  to  a  deeper 
dissociation  of  fuel  than  that  brought  about  by  a  purely  thermal 
decomposition. 

The  basic  parameters  determining  the  course  of  the  process  of 
oxidizing  gasification  ares  temperature,  reactjn  time,  and  air  con¬ 


centration.  study" of  the  influence  of  these  parameters  on  the 

character  of  the  process,  composition  of  the  products,  and  thermal 


balance  of  the  reaction 


is  the  purpose  of  the  present  Investi- 


material,  was  not  investigated. 


gation.  The  Influence  of  other  factors,  such  as  pressure,  size 
and  design  of  the  wall  material,  was  not  investigated. 

Approximate  thermociiemical  and  kinetic  calculations and  tentative 
experiments  have  led  to  the  conclusion  that  in  order  to  attain 


high  gas 


yields  and  a  low  yield  of  high-molecular  pro¬ 


ducts  of  condensation,  and  to  achieve  thermal 


autonomy,  the 


process  should  take  place  at  temperatures  of  the  order  of  900-1, 000°C, 
reaction  time'f  of  the  order  of  several  hundredths  of  a  second, 


and  air  excess  coefficients ^  of  from  0.1  to  0;W.  B-59  benzine  was 

selected  as  the  object  of  investigation,  This  selection  was  based  on  ' 
the  following  considerations .  Preliminary  experiments  revealed  that  j 
(as  analogously  indicated  by  Dubrovay  (Bibl.  3))  the  greater  part  of  j 
the  liquid  products  of  reaction  boils  out  to  the  same  extent  as  the  j 

starting  fuel.  In  the  case  of  benzine  that  part  of  products  ca^be  j 
easily  utilized  for  burning  together  with  gas.  The  selection  of^B-59  | 
benzine  was  dictated  by  special  circumstances.  The  optimal  product  | 
wouid  be  the  one  containing  the  greatest  amount  of  paraffinic  hydro-  j 

!  carbons,  because  the  the  naphthenic  and,  especially,  aromatic  benzinesj. 

are  bound  to  yield  a  large  amount  of  high-molecular  products  of  j 

f 

•  condensation p  &Q&  tars*  j 

Part  ! 

;  irking  Method.  The  experiments  were  conducted  in  tubular  reaction  ; 

;  vessel  2  shown  in  Fig.  1,  constituted  by  a  tube  of  SIa-1-T  steel  ; 

;  measuring  25x20  mi  in  diameter  and  1,100  mm  in  over-all  length,  and  . 

1  enclosed  in  heat  insulation.  The  heating  of  the  reaction  j 

|  vessel  was  effectuated  by  passing  a  low-voltage  current  through  the  j 

tobe‘s  walls.  The  temperature  of  the  vessel  was  adjusted  (within  the  j 

limits  of  +5°C)  by  ®eans  of  a  KQZKh  heating  controller  manufactured  byj 


S  the  Mpirometrw  Plant  with  a  - - -  •" 

|  aiuaal  thermocouple.  Fuel  delivery  was  measured  by  means  of  fluid* 
r flowmeter  31  (Fig.  2).  The  flowmeter  was  provided  with  a  set  of 


sensor  constituted  by  a  ehrom< 


See  Page  5a 


5 


» 


calibrated  nozzles  whose  graduation  was  periodically  re-checked.  Baring 
the  experiments  fuel  delivery  was  maintained  at  a  fixed  rate.  Fuel 

l 

!  consumption  was  verified  by  weighing  before  and  after  the  experiment 


Fig.  1.  Schematic  Representation  of  the  Reaction  Vessel 

1.  T-pipe  to  supply  mixture;  2.  Reaction  vessel; 

3-  Copper  contacts;  4.  Thermocouple  Co,stri^ 

5.  Twin-duct  porcelain  midget  tube;  6.  Thermocouple; 
?.  Porcelain  casing;  8.  Heat  insulation 


Fig.  2.  Schematic  Representation  of  the  Supply  of  Fuel- Air  Mixture 
to  the  Reaction  Vessel 

1.  Pump;  2.  Cushion;  3*  Valve;  4.  Preheater;  5*  Rheometer; 
6.  Mixer;  7*  Manometer;  8.  Air  feed;  9*  Benzine  tank; 

10.  Benzine  feed;  11.  Benzine  meter;  12.  Evaporator 

The  mixer  is  presented  schematically  in  Fig.  3«  The  diaphragm  on 


the  <>utl «'t  of  the  mixer  was  conducive  to  a  rapid  intermixing 

of  fuel  with  air. 


6 


i 
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Pig,  3,  Schematic  Representation  of  Mixer  | 

A  -  Air?  8  -  Fuel  vapors;  C  -  Diaphragm;'  D  -  To  reaction  vessel 


Pig.  4  shows 


the  scheme  of  the  cooIing( measurement 


and  collection  of  samples  of  the  reaction  products  leaving  the  reactioja 
vessel.  The  gases  and  vapors  L  ?  the  reaction  vessel  through 

J 

midget  tube  1  were  cooled  in  two  parallel  metallic  reflux  condensers  I 


Z  and  thereupon 


through  valve  3  or  proceeded  through  valve 


4  into  the  testing  system/  The  condensate  and  water  were  driven  off  j 

j 

into  flask  5  while  the  gas  together  with  the  fine-disperse  mist  of  ( 
condensing  fluid  was  fed  into  Sasitt  filter*  6 


which  drove  off  completely  all  the  liquid  phase. 


depositing 


.t  into  flask  ? 


ttoftik&uQskanw 

*'  tr‘*'ir1rT“ 
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Pig.  4.  Schematic  Representation  of  the  Measurement  and  Collection  of  j 

Samples  of  Reaction  Products 

A  -  Bleed-off  outlet;  B  -  Water;  C  -  Reaction  products; 

D  -  Water;  E.  Bleed-off  outlet;  F.-To  gas  meter; 

G.~  To  rectification 

*fhe" "  Saitt '  filter  consists  of  a  compact  parcel  of  glass  wool  and,  when 
properly  packed  end  sized,  it :  prevents  the 

passage  of  the  m'mute  fluid  particles  suspended 

in  the  gas. 


Thence  the  gases  and  vapors  proceed  into  large 


glass  coil  8 


•  immersed  in  a  cooling  mixture  of  ice  and  salt,  where  a  part  of  the 


i  condensed  water 


vapors  and  liquid  hydrocarbons  sedimented. 


{  and  the  remaining'  gases  and  vapors  passed  on  through  a  silicagel-fill 


metering  tube  10  and  were 
meter  and  burned  out. 


bled  off  through  valve  9  and  the  gas 


An  average  gas  sample  proceeded  through  valve  11  and  the  rheometer  j 


into  the 


rectification  column,  which  was  cooled  with  liquid  air.i 


The'  uncondensed  gases  were  collected  in  an  emptied  20-liter  tank. 

i 

Daring  the  experiments  the  rate  of  delivery  of  gases  into  the  system  ' 


was  maintained 


constant. 


After  heating  the  reaction  vessel  to  the  desired  temperature,  j 
and  after  heating  the  preheater  and/evaporator  to  350°G,  the  working 


mixture  was  blown  through  the  apparatus  for  a  few  minutes  and  the 

reaction  products  were  bled  off  (Fig.  4-).  Thereupon  valve  3  was 

■  cpemti 

closed,  fe&MMs  opening  valve  4*  and  the  systematic  recording  of  the 
instrument  readings  was  commenced.  The  movement  of  the  thermocouple 


along  its  casing  was  used  to  verify  the  temperature  distribution 


along  the  reaction  vessel.  This  was  followed  by 


conducting 


the  rectification  of  the  gas  and  driving  off  the  products  absorbed  by  | 
the  silicagel.  After  the  cooling  of  the  reaction  vessel  the  thermo¬ 
couple  casing  and  the  cap  at  the  opposite  end  were  unscrewed  and  the 
carbon  on  the  walls  of  the  reaction  vessel  was  scraped 

*  t 

off  with  a  special  brush.  .  The  obtained  carbon  was 


*  and  calcined  in  an  air  current  at  120°G  to  a  fixed  weight.  The  diffe¬ 
rence  in  weight  before  and  after  the  calcining  was  assumed  to  be  the 

,  weight  of  the  deposited  carbon.  j 

|  Reducing  the  j 

/material  Balance  Sheet.  The  theoretical  amount  of  air  needed  for  j 

\ 

a  complete  '  combustion  was  accepted  in  all  calculations  at  j 

j 

15  kg  per  kg  of  benzine,  ! 

*  •  i 

The  material  balance  sheet  of  every  experiment  was  drav.rn  up  by  j 

\ 

comparing  the  weight  of  the  taken  and  the  obtained  substances.  The 

f  i 

I  i 

j  amount  of  the  obtained  substance  was  determined  in  the  following  manner 


The  amount  of  liquid  hydrocarbons  was  determined  by  direct  weighing. 

■  th*  .mathematical . 


j  The  weight  of  the  gas  was  determined  as ^  product  of  its  volume  j, 
(on  introducing  corrections  for  temperature,  pressure,  moisture)  I 

and  the  volume-unit  weight. 

The  amount  of  the  forming  water  was  computed  according  to  the  con-  ’ 

. 

sumption  of  the  introduced  oxygon,  on  the  assumption  that  the  formation 
of  water  required  an  amount  of  oxygen  equal  to; 


lfhilL„“  »<>*! 


jt 

{introduced  —  jo.,|  „  —  |o.,i 
L»~— _  -  -  < 


|Oj|  [rasj 


si due  in  gaq 


The  reason  was  because  vary  little  of  thejbrganic  oxygen  compounds 
were  found  in  the  reaction  products,  so  that  these  compounds  could  not 
be  taken  into  account  when  compiling  the  material  balance  sheet. 

The  yield  of  carbon  was  no  higher  than  several  tenths  of  a  percent, 
and  therefore  it  was  not  considered  in  the  balance  sheet. 


The  thus  reduced  material  balance  sheet  involved  deviations  of 

normally  not  more  than  one  or  two  percent.  The  experiments  in  which  the 

deviations  exceeded  3-5  percent  were  a 3  a.. rule  scrapped.  j 

1 

Analysis  of  Reaction  Products  j 


Rectification  of  the  gas  was  conducted  in  a  device  with  a  copper  -j 

i 

rectification  column  designed  by  the  laboratory  of  the  Khiagaz  I 

t 

L 5i  -Union  Scientific  Research  Institute  of  Chemical  Treatment  of  ' 

i 

Qaseg?'  (Eibl.  ?).  j 

The  content  of  olefins  was  determined  by  the  sulfuric-acid  method  j 

I 

(Bibl-  12). 

The  content  of  GC^,  C0»  and  was  determined  by  the  absorption 

method  in  an  Ors  type  device.  j 

1 

The  content  of  hydrogen  was  determined  by  burning  over  cupric:  oxides. 
The  content  of  saturated  hydrocarbons  was  determined  by 
burning  over  a  platinum 

t 

The  weight  of  one  liter  of  the  gas  was  determined  by  the 
pycnometric  method.  ; 


Specific  gravity  was  determined  by  the  pycoomeiric  method. 
Fractional  composition  was  determined  by  Engler-typ®  fractional 
distillation. 


Mean  molecular  weight  was  determined  by  the  cryoscopic  method. 
Content  of  actual  tars  was  determined  by  the  standard  method  of 


evaporation  in  a  bowl  to  a  fixed  weight.  Inasmuch  as  the  condensate 
contained  a  greater  amount  of  tars  compared*,  with  -the  benzines,  there¬ 


fore  it  was 


diluted  by  adding  B-59  ' 


benzine. 


ro&otioa  products : 

The  amount  of  the  unsaturated  the  fraction  with  b.p» 

of  ♦up  to  200°C  was  determined  by  the  method  of  bromine  numbers. 
The  total  content  of  unsaturated  and  ..  aromatic  hydrocarbons  was 
determined  by  treatment  with  lattwlnkel* s  mixture. 


It  is  the  amount  of  actual  tars  in  the  produets  of  gasification  that 
:  "  i  constitutes  an  important  index  of  the  suitability  of  the  gas  forj 

;  *  i 

|  power  installations.  The  Values  determined  by  th^standard  method  j 

defrw  of  I 

cannot  be  considered  accurate,  because  the  highftHSItQFa^ion  of  the  ! 


liquid  products  of  gasification  is  conducive  to  the  formation  of  tars  j 

in  the  process  of  their  determination.  For  instance,  in  the  freshly  j 

driven  off  fraction  with  b.p.  lup  to  'l50°C,  in  certain  cases, 

3  ! 

as  much  as  75-100  mg  of  actual  tars  tended  to  form  per  100  cm  of  the  j 


condensate  in  the  course  of  the 


determination . 


Consequently,  the  tabulated,  tar  yields  could  be  regarded  only  as  j 

upper  limits.  The  question  of  the  possibility  of  using  th©  obtained  j 

\ 

j 

gas  for  power  purposes  without  first  purifying  it  fro®  tars  requires, 
therefore,  a  special  study. 


srature.  **  Already  the  first  few 


experiments  had  shown  that  the  concept  of  reaction  temperature  is 


11 


;  purely  nominal  when  applied  to  oxidizing  gasification,  because  -  '  .  v 

reaction  is  by  its  very  nature  non-iso thermal. 

! 

'  During  the  evolution  of  a  reaction  the  temperature  field  of  the  | 

reaction  vessel  becomes  strongly  distorted,  forming  a  peak  at  the  ! 

■  i 

beginning  of  the  reaction  zone,  with  the  height  of  the  peak  depending  1 

i 

on  the  composition  of  the  mixture  and  the  rat®  of  its  delivery.  The  j 
determination  of  the  mean  temperature  of  such  a  reaction  involves  j 
fundamental  difficulties.  Therefore,  the  nominal  temperature,  j 


■  ....  ..  asadepted  for  processing  the  results  of  the  experiments,, 

I  f 

was  assumed  to  be  the  temperature  at  the  end  of  the  reaction  stone,  '  i 

{ 

because,  at  given  Q(  and  given  contact  time  that  temperature  can  -  i 

i 

\  to  characterize  the  composition  and  properties  of  the  1 

gasified  fuel.  It  should  be  added  moreover  that  the  temperatures  ; 

measured  by  the  thermocouple  are  not  true  temperatures  of  the  gas, 
because  of  '  radiative  heat  exchange 

between  the  surface  of  the  thermocouple’s  casing  and  the  inner  surface 
of  the  reaction  vessel,  and  the  presence  of  heat  transfer  along  the 
wall  of  the  thermocouple's  casing,  which  causes  the  temperature  distri¬ 


bution  curve  to  become  somewhat  smoothed  out.  ' 

j 

Thus,  "reaction  temperature”  according  to  which  the  results  were  \ 

i 

classified,  is  nominal  both  inherently  and  in  the  sense  of  the  method  j 
used  to  i  _ ...  determine  it. 

Contact  Time.  Contact  time  was  construed  as  the  time  of  sojourn 

#riiin<k.w 

of  the^benzine-air  mixture  ini  the  reaction  zone,  with  the  uhit  volume 


of  that  mixture  being  related  to  reaction  temperature  and  to  the 

at  the  outlet  of  '  ,  . 

pressure  *  the  air  preheater.  An  increase  in  volume  as  a  result  of 

A 

•  the  reaction  was  not  considered  in  the  calculations  because,  on  the  j 

on®  hard ,  this  increase  was  relatively  small  in  view  of  the  considerable 

| 

dilution  of  the  air  by  nitrogen  and,  on  the  other,  calculations  accord! 

j 

ing  to  the  arithmetical  mean  of  the  unit  volumes  before  and  after  the  j 

reaction  do  not,  by  any  means,  yield  the  true  reaction  time.  Thus,  ; 

! 

the  “true”  reaction  time  is  actually  somewhat  less  than  indicated  in  J 
:  the  tables  —  on  the  average,  about  1.2-1. 3  times  lower.  j 

“Reaction  2one,M  Fig,  5  illustrates  the  method  used  to  determine  j 

this  zone.  The  length  of  the  zone  proved  •  to  be  virtually  identical  j 

| 

in  all  experiments  as  a  result  of  the  comparatively  high  "  j 

*•  *  [ 

:  oxidation  .’rate  and  the  commensurate  heating  of  the  mixture  to  the  j 
.  .  i 

'startin'.?  ‘  sector  of  tbs  zone.  f  T^T'Y yK :  "T  "f  '  '  | 

f  x.$m‘  -* !  .../-i-Xj. 1 ... ..  .  ; 


••  ■ 
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Fig.  5.  Determining  the  .Length  of  Reaction  Zone 

c£.=  0.1.5;  X  -  0.1  second;  t  -  1,000°G  j 

A  -  Temperature  in  °G;  '  B  -  Reaction  zone;  | 

C  -  Distance  from  the  inlet  of  the  reaction  vessel  j 

Compiling  the  *  Tables.  The  tables  were  compiled  by  including  j 

i 

only  those  experiments  which  had  yielded  a  satisfactory  coincidence 
between  the  material  balance  sheets  and  a  satisfactory  distribution  of 
temperature  in  the  reaction  vessel.  During  the  calculations  ofthe 
yields  by  weight  of  the  individual  components,  and  during  all  the  energy 


13 


i  calculations  the  losses  of  fuel  in  the  expertmentawere  proportionately 

i  .  . 

divided  among  .» all  the  components,  This  is  natural  considering  thav 

;30  n;ach 

i  the  losses  consisted  not  l’1  of  actual  losses  of  substance  .as 

I  A 


of  errors  of  individual  measurements  and  ' 


analyses.  The  yield 


;  by  weight  of  fluid  is  defined  as  the weight  ratio  of  the  combined 

liquid 

total  amount  of, reaction  products  to  the  weight  of  the /benzine  taken. 


During  the  determination  of  the  extent  of  transformation,  the  liquid 

j 

hydrocarbons  boiling  out  at  up  to  150°G  which  had  not  changed  after  j 
treatment  with  Kattwinkel's  mixture  were  regarded  as  untransforraed  fuel. 


Inasmuch  as  the 


original  fuel  (3-59)  contained 


approximately  seven  percent  aromatic  hydrocarbons,  the  magnitude  deter- 

i 

mined  in  this  manner  is  not  an  exact  ones  however,  a  more  precise  method 
of  determining^”  extent  of  transformation”  could  be  hardly  feasible  in  j 
practice.  The  table  of  the  composition  by  weight  of  the  products  of  j 
gasification  (Table  3)  serves  as  the  starting  table  for  all  thermochemical 
calculations.  The  ealoricity  of  the  liquid  products  of  reaction  was  ; 
determined  by  using  an  interpolation  graph  illustrating  the  relation-  | 

ship  between  ealoricity  and  the  specific  gravity  of  the  fluid.  The  , 

1 

maximum  ealoricity  of  the  B-59  was  assumed  at  11,000  kilocalories/kg.  ; 


Results  dfthe  Experiments 


Conditions  of 


|  experiments  were  conducted  at  temperatures  of  810-830,  900  and  1,000°C 

I .  ,  values  of  o'  .  - 

for  several  different^  andfora  fixed  v*  0,1  second.  In  addition,  twt 

series  of  experiments  were  conducted  for  variable  V  at  temperature  of 
1.000<>c  and  at€#  =  0.13  and  Of*  0.15.  The  pressure  in  the  reaction 


i 


1  vessel  C.  varied  from  1.25  to  1.4  atm  during  different  expsri- 
j  ments.  The  fluctuations  in  pressure  during  any  single  experiment 
V  did  not  exceed  0.1  atm. 

The  results  of  20  experiments  are  cited  in  composite  tables  1  and 
j  2.  Table  3  cites  the  distribution  of  the  carbon  and  hydrogen  of  the 

l 

original  ben sine  among  the  individual,  reaction  products.  Figs.  7  to 
23  illustrate  the  tabulated  data  and  their  -  (recalculations  in 
various  forms.  When  examining  the  graphs  of  yield  it -should  be  taken 
into  account  that  the  curves  they  contain  are  not  interpolative  and 

indicate  merely  an  approximate  course  of  the  variations  in  the  yields 

various  _  . 

of  products  under  -  conditions  of  experiment#. 

(■-  ~~  ■  ~ 

/3ee  page  15a/ 

Table  1  ~T  " 

1.  Composite  Table  of  the  Results  of  the  Experiments; 

2.  No.  of  Experiment; 

3.  Conditions  of  Experiment; 

4.  Temperature,  °C; 

5.  Extent  of  transformation,  in  percent  by  Weights 

6.  field  of  Fluid,  in  percent  by  Weight  of  Benain© 

7.  Yield  of  the  Fraction^Unward  of  200°G,  in  percent  by  Weight 

of  Benainej  with  h.p.of 

8.  Yield  of  Tars,  in  percent  by  Weight  of  Benzine; 
o.  Characteristics  of  liquid  Products; 

10*  Boil.  P.  up  to  200°C  according  to  Engler; 

11 /Specific  Gravity  of  Fluid; 

12.  Kean  Molecular  Weight; 

13.  Unsaturated,  in  percent; 

14.  Unsaturated  +  Aromatic  ,  in  percent; 

15.  Deviations  from  the  Material  f"~~  Balance  Sheet,  in  percent 


I1 £ 


\ 

! 

i 
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Table  2  * 

1.  Composite  Table  of  the  Results  of  the  Experiments 

2.  No.  of  Experiment ; 

3.  Conditions  of  Experiment} 

4.  Temperature,  ®G; 

i  Weight  of  one, liter  of  Gas; 

.  Composition  of  Gas; 

.  Maximum  Temperature  in  Reaction.  Vessel,  °C 


Table  1  * 


1.  Distribution  of  ^laments  of  Original  Benzine  Among  the  Prcduc 
i  Gasification,  in  percent  by  weight; 

2.  Mo.  of  Sxperiraent; 

3.  Higher  tfnsafcurated  Compounds; 
h.  Oil; 

.  Percentage  /Ratio/  of  C  to  the  0  of  Benzine; 

.  Percentage  /Ratio/  of  N  to  theji  of  Benzine; 

.  Ratio  of  Column  15  to  Column  12 


&  o 


Tggpsrature  Reffema  »  The  curve  of  teMparfc’fcurfc  distribution  along  th 

I  reaction  vessel,  shown  in.  Fig,  5,  is  typical  of  an  oxidizing-decon^si- 

tion  reaction  involving  a  Mixture  with  a  substantial  amount  of  oxygen. 

Under  these  conditions  the  effect  of  external  heating  manifests  itself 

but  little,  because  the  greater  the  concentration  of  oxygen  the  smaller 

the  amount  of  heat  -  into  the  reaction  non*  for 

the  purpose  of  the  thermal  balancing  of  the  process.  Vben&,*  0.13-0. 3. 5 
*tr  oxn 

the  introduce**  heat  is  in  practice  needed  only  to  compensate  the 
heat  loss,  and  whence*  0.15  an^shert  contact  time,  the  reaction 
proceeds  nearly  without  any  introduction  of  external  heat. 


Tha  temperature  field  4 


irrthese  experiments  should 


maximally  reproduce  the  temperature  field  of  an  * adiabatic*  reaction  j 

values  of-o<  i 

vessel.  In  the  experiments  with  low*  ,  when  the  fairly  considerable  j 

f  *  .oo!apens&tod'_  .  j 

consumption  of  heat  on  endo thermal  reaction  is  A  W ’external  . 

heating,  a  sizable  temperature  ^7  drop  existed  between  the  external  j 

i 

wall  and  the  gas,  which  had  distorted  considerably  the  temperature  j 
field  of  the  reaction  and  the  results  of  measurements  by  the  j 

■  thermocouple.  I 

All  the  curves  of  temperature  distribution  point  to  a  high  rate  of 

oxidation  and  release  of  heat  at  the  beginning  section  of  the  reaction 
I  vessel.  In  the  experiments  with  lowQC  the  temperature  reiains  approxi¬ 
mately  constant  once  it  reaches  its  maximum.  In  the  experiments  with 
high/^the  temperature  drops  after  it  reaches  its  maximum  (traax  ^ 

Fig.  5),  apparently  because  of  the  absorption  of  heat  by  the  decomposl- 


I 


tion  reaction,  and  it  reaches  its  minimum  (t^n  in  Fig.  5)» 
whereupon  it  again  rises  slowly,  which  we  are  inclined  to  ascribe  to 
the  condensation  reactions  of  unsata rated  product Sy  accompanying  the 
release  of  heat. 


be  characterized  toy  the  ratio 


1  ! 

!  jhe  degree  of  the  '  rson-isothermal  state  of  the  process  could j 

be  characterized  toy  the  ratio  4-  ,  whose  relationship  to  j 

xro«->4  j 

changes  in  temperature  (when  T  is  constant)  is  illustrated  in  Fig. 6* 

As  can  be  seen  from  Fig.  6,  %  decreases  with  increasing  ,  which  j 

corresponds  with  the  increasing  autonomy  of  the  process*  The  fact  th&j, 

I 

the  curve  for  900°C  extends  below  the  curve  for  S30°C  can  be  explained! 

by  the  increase  in  extent  of  decomposition,  accompanying  the  increase  | 

.  1 

in  temperature,  and  by  the  more  extensive  cooling  of  the  reacting  j 

mixture.  The  progress  of  the  curve  for  100°C  seems  at  first  glance  j 
iHxoxp 3ct6d*  Tii®  only  pl&usibl©  & s sunipt io n  would  b®  fhEt  &  ^  higii®r 
teraperatures  the  endothermai  decomposition  reaction  reaches  a 
comparatively  high  extent  before  the  ^oxidation1  is  yet  completed, 
depressing  the  temperature  peak,  analogously  to  the  : 

fact  that  dissociation,  increasing  the  so-called  effective  heat  j 

t 

capacity,  restricts  the  rise  in  the  temperature  of  a  high-temperature  j 

flame.  The  retardation  in  the  rise  in  the  maximal  temperature  of  the  j 

process,  commensurate  with  the  increase  in  and  the  decrease  in  thfe 

temperature  difference  (t^^f-*  R  *  At)  at  a  rise  in  reaction  tempo- j 

both  i 

rature,  as  illustrated  in  Fig.  7,  coulchbe  explained  in  the  same  j 


manner 
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a  Fit  ion  Sta^e.  The  schematic  representation  of  oxidation 
decomposition  as  independent  and.  successive  reactions  reflects  clear 
the  external  thermal  manifestations  of  the  process.  The  chemistry  of  j 
the  process  of  oxidising  gasification  i^ndoubtedly  much  more  complex 
and  the  present  study  does  not  provide  data  for  determining  the  chemical 
» —  mechanism  of  the  unfolding  reactions.  i 


Fig.  6 


Relationship  Between 
■  the  Ip-fl  Ratio  and  !K 

and  t  (if  =  0.10 
‘  second) 


Fig.  ?.  ... _ _  *  : 

Temperature  Dependence 
of  &»  ,t  and  At  ; 

v  *  X&&JC  ! 

(Y -  0.10  second)  i 


The  bound,  oxygen  manifests  itself  in  the  gasification  products  j 

1 

nearly  completely  in  the  fora  of  COg,  1^0  and  CO.  The  percentile  shaj  ® 

of  the  oxygen  that  participates  in  the  reaction  proved  to  be  virtually 

1 

constant  for  the  investigated  values  of  T.  (Fig.  8). 

The  presence  in  the  gasification  products,  when  T  is  low,  of  compa¬ 
ratively  large  amounts  of  fluid  with  a  specific  gravity  of  0.76-0.79 
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(Fig,  10)  and  olefinie  hydrocarbons  i  .jCC^  and  C^) (Fig,  14), 

indicates  an  incomplete  decomposition ,  This  makes  it  possible  to 
state  that  the  oxidation  of  the  fasl,  accompanied  by  a  release  of 

heat,  . .  ~  ends  long  before  the  ending  of  tk®  gasification'. 

However,  the  question  of  -how  and  through 

what  intenaedi&t®  stages  doer;  the  process  of  oxidation  proceed 
remains  unclear >  docs  there  occur  a  primary  association  of  ^ 
oxygen,  with  the  formation  of  aldehydes,  alcohols,  acids,  and  other 


acid-containing  confounds, 


similarly  to  what  occurs  at 


lower  temperatures,  with  a,  subsequent  thermal  decomposition  of  these 
substances?  or  does  this  process  evolve  in  the  form  of  a  destructive 
Gxidatiori'  »ith  a  deep  disintegration  of  the  fuel  molecule  during 
th®  elementary  act  itself  of  combination  with  oxygen,  with  direct 
forxss’tion  of*  th&  firt&X  products  of  oxidation,;  *  lastly  do 
some  intermediate  stag? a  taka  place? 


J0t — - r — t - r - r 

J  I  J  . 

I  4—  ent  *0>3  | 
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ag.  8«  Halation-ship  Between  Extent  of  Reacted  Part  of 
Oxvgen  and  the  Time  of  Contact 


A  -  Percentage  of  reacted  oxygen 


1 


ht  off 


Debras  of  Gasification.*  Fig*  9  illustrates  the  yield  by  freight  of 

\ 

•  the  liquid  hydrocarbons,  serving  to  determine  the  degree  of  gasification. 

i 

For  all  three  temperatures  the  degree  of  gasification  increases  with  | 

f 

increasing  cx  which  apparently  is  to  be  explained,  not  only  by  the  increase 

f 

in  the  extant  of  dissociation  as  a  result  of  the  considerable  amount  ofj 

the  oxygen  participating  iritha  reaction  but,  to  a  certain  extent,  also  ! 

F 


by  the  rise  in  the  maximum  temperature  in  the, 


;  reaction  zone. 


However,  the  most 


decisive  factor  is  the  high  concentration  of 


oxygen.  This  can  be  seen  from  the  fact  that  the  fluid  yield  when 


oC=  0.03  and  -p* 
yield  when  cc  =  0.15  and 


1,000°0  is  twice  as  high  as  the  fluid 
*p-  a  830°G ,  although  in  the  former 


case  maximum  temperature  reaches  1,000  C,  and  in  the  latter  — »  only 
920°C.  ' 


*2  he  degree  of  gasification  ggrtains  to  the  relative  i 
(by ’'ft.  in  percent)  amount"  of  the  original  liquid  , 

fuel  that  has  become  transformed  into  permanent  gases  j 
(including  CA) .  j 


I 


el&tldnship  Between 
ield  of  Fluid  By  wgt 
nd  0^  when  %  ”  0,1 
econd 

—t  *  380°  0 ;  f*~t  * 
00°G;  A  —  t  s  1»000°C 

-Fluid  yield  in  fa 
by  v/srt.of  bensina 


Fi?.  10.  Relationship  Between 

Fluid  Yield  and  Contact 
Yim®  when  t  *  1,000  C  . 

*  «»<*c=s  0.13s  +  -"^”1*1 
A.  Fluid  yield  in  percsn 
by  weight  _of^hgB2iSS- 


Fig*.  10  illustrates  the  relationship  between  the  yield  of  fluid 
(in  percent  by  wight  of  the  original  benzine)  and  the  reaction  time 
at  a  temperature  of  1,000°C^=  0.13,  and  <*>  0,15.  it  follows 
from  these  data  that  there  exists  a  contact  time  at  which  the  fluid 
yield  is  minimal.  In  measure  with  the  increase  in  contact  time  the 
yield  of  fluid  by  weight  gradually  increases,  and  this  is  accompanied 
W  a  rise  in  the  specific  gravity  of  the  fluid  (Fig.  11). 

The  specific  gravity  of  the  fluid  when  TT  is  optimal,  equals 
approximately  the  specific  gravity  of  the  aromatic  Mrocarbocs,  and 
the  amount  of  tars  .is  very  low. 

The  longer  the  reaction  time  the/apida*  the  rise  in  the  pacific 
gravity  of  the  condensate  and^the  yield  of  high-boiling-point 
and  tars,  which  indicates  an  intensive  unfolding  of  secondary 
condensation  reactions (Fig.  12). 


See  page  £3&  for  11  ssid  12 » 
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X 


Pig.  11. 


Relationship  Between  Specific 
Gravity  of  Condensate  and 


Contact  Time,  t 


1,000°C 


condensate 


Pi 


12. 


Relationship  Between 
Yield  of  High-Bo ilini-Point 
Fractions  of  Condensate  and 

_ _ _  .  t  “  1,000°C 

#  a"  -  Held  of  fractons  boiling  Mr 
upward  of  2C0°C  in  percent 


by  weight  of  benzine 
3  -  Held  of  tar  in  percent 
by  weight  of  benzine 


the  Hydrocarbon  Products  of  Gasification.  The  changes  in  the  yield 
of  unsaturated  gases  according  to  the  conditions  of  experiments  are  of ‘ 
special  interest.  The  yield  of  G^-G^ olefins  decreases  quickly 
(when  X  is  identical)  with  ri sing  temperature.  The  yield  curves  for  j 


each  of  the  investigated  t  saperaturemave  a  majdatum  along  0£ .  An 

l 

explicitly  expressed  maximum  along  dt  is  also  displayed  by  the 
curves  of  the  total  yield  of  unsaturated  gases. 

The  yield  of  ethylene  increases  steadily,  and  the  yield  of 
unsaturated  C-j-C^s  deareaae^with  rising  temperature  (Pig.  13).  The 
optimal  OC is  identical  for  all  temperatures  and  equals  0.1. 


The  afore-cited  data,  f 


.  }.  &  i  |  per  taining 


to  a  single  value  of  contact  time  are  not  exhaustive  enough  to 
determine  the  achievable  optimal  yieldakf  unsaturated  reaction  prod' 


nets.  The  optimal  conditions  for  obtaining  unsaturated  gases  could 

be  established  only  by  comparing  the  yields  of  these  gases  under  j 

values  0^  0(  . 

various  ^  and  contact  times,  optimal  for  all  temperatures .  ; 

The  mean  degree  of  unsaturation  of  the  hydrocarbon  products  of 

'  j 

the  -  /'.Recomposition  reaction  could  be  characterized  by  the  ratio 

of  the  amount  of  carbon  to  hydrogen  as  associated  in  these  products,  j 

a  .  i 

which  ratio  we  will  hereinafter  denote  by  ^  for  !  ,  brevity. 

For  a  given  initial  magnitude  of  this  ratio  in  the  original  raw 
material  (  cLj  the  magnitude  of  <§  in  the  normal  ...  pyrolysis  is 
determined  by  the  amounts  of  free  hydrogen  and  solid  carbon  released 


i  ift'tile’  bdiirss'  of  the  'reaction, 


dressing  the  amount  of  carbon  by 


Jthe  niissber  of  C-atoms »and  the  amount  of  hydrogen  by  an  half  of  the  '  , 

‘  f  •  .  .  ■;  |  ( 

!  huaber  of  H^atoras  in  a  hydrocarbon  molecule,  we  find  that'  $'*  i  for  •  * 

I  ^  j 

|  all  asdnoolefins  and  saturated  £if„  ,y  naphthenes  without  side  chains*  ! 

•  •  '  ~  j  J 

Sq-  2  tor  benzene,  and’  S0»  for  the  0^  hydrocarbon  in  the  j 

general ■  fora  (Fig.  '  14).  '  ■  '3i"  "  ; 
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Fig.  13.  "Conditions  of  Maximal 
\  •'  Yield  of  Unsaturated 

1  Gases  ,T  *  0.1  seconds. 

,  I  •  .••• r A  :*:'pc  of  maximal  yield 
i  B  -  Maximal  yield  in 

:  percent  by  weight 
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Fig.  14.  Relationship  Between  Held  j 
of  Unsaturated  Gases  and 'tri 
“  1  WhenOC  =  0.13  i  ! 

-  and  t  ■«  it.000°C.  :  if  j  j 

i  -  Yield  in  percent  by  j 
■  weight  of  benzine;  \  j 
B  ^  seconds  1  * 


j  If  it  is  considered  that  0.95  even  in  such  a  paraffinic  benzine  ‘ 

:  v  >  ■'  ,  ■  :■  .  ;  '  '  '  ”  ■'•  '  j  i 

.as  the  investigated  5-59,  it  becomes  clear  that  the  obtainment  of  largjs  i 

amounts  of  a  gas  consisting  of  laonoolefins*  lower  paraffins  and  hydrogen 
i  i  -necessarily  involves  ( .  '  substantial  yields  of  high-molecular  ‘ 

condensed  compounds  including  even  coke.  { 


i  The  introduction  of  oxygen  into  the  thermal  decomposition  reaction 
1  W  in  principle  alter  significantly  the  above-outlined  picture,  because 
the  mutual  association  of  a  part  of  hydrocarbon  and  hydrogen  into  CO£}j 
CO  and  F^O  %  is  bound  to  reflect  itself  in  the  mean  degree  of  unsaturajtion 
of  the  hydrocarbon  products  of  decomposition.  Here  the  effect  of  the  j 


introduction  of  oxygen  f-'r  should  hinge  on  both  the  relative  amount  I 

J  i 

|  of  oxygen  and  its  distribution  among  the  ox i da  1 HoA  products*  Xfc  is  1 

j  therefore  natural  that  the  clarification  of  the  laws  governing  the  I 

!  .... 

distribution  of  oxygen  among  the  oxidation  products  acquires  specialj 

importance.  j 

^atio  of ' 

The  lower  part  of  Fig.  15  illustrates  the  relationship  between  the,' 

sb&rs  1 

of  the  carbon  of  the  original  fuel  that  has  become  oxidized  j 

into  CO  and  CO9  !  _  _ _ _ _  — «~l  the  share  of  the  hydrogen 

value  of  i 

oxidized  in  water  and  thspf.  "  As  can  be  seen  from  Fig.  15,  this  ratio  | 

was  greater  than  unity  throughout  the  investigated  range  of  temperatures 

in  all  experiments  save  one,  and  undoubtedly  it  increases  with  ( 

an  increasing  <%  .  I 

Thus,  if  no  specific  effect  of  oxygen  on  the  formation  of  free  I  . 

•  1 

j 

hydrogei  is  presupposed,  the  introduction  of  air  should  foster  a  j 

decrease  in  the  mean  degree  '  ’<  of  unsaturation  of  the  hydrocarbon  ! 

•  j 

products  of  decomposition.  The  influence  of  temperature  on  this  ratio! 

!  j 

|  3-s  apparently  not  great-  and  it  is  clearly  overshadowed  by  the  fairly  j 
|  wide  spread  of  experimental  points.  fhe  upper  part  of  the  same 
Fig.  15  illustrates  the  ratio  (let  us  denote  it  by  "T  )  of  the 
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1 


share  of  the  oxygen-bound  carbon  to  the  stare  of  hydrogen  in  water  and 


i 

4 

in  free  state.  This  ratio  also  grows  with  an  increasing  X  for  all 


|  temperatures,  reaching  unity  when  0.15.  Under  these  conditions 
i 

(•y=:  1)  the  degree  of  unsaturation  of  the  hydrocarbon  products  of  the 
reaction  is  £ "  ■§$  ,  which  could  never  have  been  achieved  during  a 
non-oxidizing  decomposition.  The  effect  of  temperature  is  difficult 
to  determine  in  this  case  also,  tile  more  so  as  the  comparison  of  data 


i 

i 

I 


t 


pertaining  to  an  identical  contact  time  is  arbitrary  in  nature.  In  j 

effect,  when  temperature  rises  but 't  remains  constant,  the  yield  of  j 

| 

hydrogen  increases  not  on tv  because  of  a  more  extensive  decomposition  j 

seres  tar'  I 

but  also  because  of  the^extensivaness  of  the  secondary  condensation  ! 

react^is  unfolding  With  the  release  of  free  hydrogen.  The  increase  j 

in  the  vield  of  fre^hydrogen  and  in  the  cited  degree  of  unsaturation  j 
.r:  the  hydrocarbon^  .  ! 

of^r^eactidn’ products  (&/d0  )  with  increasing  contact  time,  as  shown  in 

Fig.  16,  corroborate  the  above.  Equal  conditions  for  comparing  the 

results  obtained  at  different  temperatures  would  be  constituted  by 

a  comparison  of  the  measurements  conducted  at  an  identical  —  in  the 

physical  sense  —  contact  time,  e.  g.,  at  a  contact  time  correspdonding 

| 

to  a  minimal  yield  of  fluid.  j 


2? 


t 


j  Fig.  3.5.  Influence  of  the  Ooncen»  Fig.  16.  Relationship  Between  j 
!  tration  of  Air  on  the  Comp-  Yield  of  Free  Hydrogen  ‘ 

sition  of  the  Son-l§rdro-  and  Degree  of  Unsaturafion 

|  carbon  Products  of  Gasifi-  of  the  Hydrocarbon  Products 

[  cation.  of  Reaction  and  the  i 

Strictness  of  the  Regime 
A  -  It,  H  (benzine)  in  $ 

£i* 

f 

n  y  does  not  in  itself  reflect  the  ; 
change  in  &  which,  as  can  be  easily  demonstrated,  equals 


{  The  character  of  the  change  i 


■“.-Tif-'+rV1-" 


where  h  denotes  the  share  of  hydrogen  that  went  on  the  formation  of  i 

i 

t 

water  and  of  the  hydrogen  present  in  free  state  in  the  reaction  predicts. 
It  follows  from  the  above  equation  that  the  afore-cited  degree  of 


|  unsaturation  decreases  with  increasing  As  for  the  increase  in  the 

magnitude  of  h,  this  increases  h  when  S<i  1  and  decreases-  $  when  ; 
|s£>1  *  It  can  be  seen  from  Fig.  1?  that  the  magnitude  of  h  increases; 
with  increasing  QL  approximately  like  y,  and  it  4k  is  this  that 

t 

results  in  the  feeble  dependence  of  £  on  <SC  np  to  Q«13~G*15*  j 

-  -t  in  Figu  XSi  which  is  the  starting  point  for  the  I 


-  ~t  "  Ub  illustrated  in  Fig*  IjJ  which  is  the  starting  point  for  the 
j  decrease  in  £  (the  asterisk  in  Fig*  19  pertains  to  the  data  of  an 
experiment  conducted  wfaenOCs*  0*20,  T  -  900^0,  and  »  0*X0  second)* 


1  a  830* \ 

*  900  n-OJccf; 
o  WOO} 

*  WOO*  Z*-  Q.teax 


e\ _ * _ : _ i - 1 

m  m  m>  om  o  is 
a — *- 


Relationship  Between  k  andtC. 


ao\ 

i 

7ft?! 


1~1F  [ 

4  Sflif It 

.  d 


j 

^ _ t 

l  ' 

D 

j  £ 

+  .  J 

-f-1 

i 

' 

•  \ 
_ Lj 

Fig*  18. 

Relationship  Between  the. 

Mean  Degree  of  Unsaturation 
of  Gasification  Products  and® 
®  —  1,000°C;  t<0.1  second. 


£9 


the  optimal  ’ gasification  to  obtain  power  gas  would  be  that 
conducted  wheno^0.15  and  at^short  contact  time.  An  excessive  increase 
in  oc,  leading  to  a  decrease  in  the  total  yield  of  hydrocarbon,  reacting 
products,  would  not1  promote  the"  obt&lnmemt  of  technological  gas 
It  should  be  noted  that  the  foregoing  statements  pertain  to  a 
definite  range  of  temperatures  within  which  the  dissociation  •  reaches 
a  considerable  extent,  i.  it  pertains  to  gasification.  At  the  ; 


temperatures  used  for  *  £  Dubrovay-type  oxidising 

cracking  the  .  laws  might  be  different*  not  only  because  of  the 

< 

possible  differences  in  the  distribution  of  W&.  oxygen  among  CO,  C0?  j 
and  HgO  and  the  smaller  extent  of  dissociation  but  also  because  at  j 
temperatures  of  5Q0-»60Q°G ' the  amount  of  the  higher  products  of  I 

oxidationi  still  remains  coap&rativsly  large*  j 


Fig,  19  shows  the  i 
mutual 


£  relationship  between  changes  in 


the  "ratio  of  the  amounts  of  carbon  and  benzine  oxidized  in  C0£  and  CO*; 

*  j 

respectively,  and  changes  in  cc  and  temperature.  As  can  be  seen  from  j 

Fig.  19,  CO,  predominates  in  the  oxidationi  products 

tv  N 

whence  is  low,  ansi  CO,  when is  high.  The  rise  in  v  "  ‘"htemperaturej 
at  a  low  oc  leads  to  an  increase  in  the  relative  yield  of  CO,  whereas  I 
when  ££  is  high  (CzL  0.1$)  the  effect  of  iemperatureis  hardly  appreciable 
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Fig.  19.  Relationship  Between 
'Ratio  of  Carbon 


Content  in  COg  to  let* tt}.?.'; 

Carbon  Content  in  CO  Fig.  20.  The  Problem  of  Determining  the 
and  the  ©c.  Equilibrium  of  Water  u|s 

During  Gasification. 

A  -  Theoretical  curve; 

B  -  Experimental  point; 

G  -  When  X  is  minimal 
D  -  Also  when  oc^Q.i 


goa  900  m  m 4L  \tm. 


and  the  ©c, 


The^vital  importance  of  the  manner  of  the  distribution  of  oxygen 

to  the  nature  of  the  r taction  products  makes  it  particularly  Important 

i  to  clarify  the  laws  governing  this  process  and  the- possibilities  for  j 
\  ; 
J  '  ! 

!  coutroling  them.  In  Fig.  20  the  points  denote  for  all  20  experiments  i 


I  the  values  of  the  ratio 


joey.-  IIW! 

lco -  iHfdi 


agaitts%axlmal  temperature  in  reaction  sons.  The  solid-line  curve  ; 

\  i 

.  represents  the  change  in  the  equilibrium  constant  of  water  gas  j 

according  to  temperature,  after  Gan  (Bibl.  10).  The  experiments 

.  small  squares.  ?wo‘  \  -  ( 


‘or  are  denotea  by 


erlmentsat  I,000°0, ; 


oC  «  0,13  and ot  =  0.15  and  the  minimum 't'  (0.025  and  0.02, 
respectively)  are  denoted  by  circles.  As  can  be  seen  from  Fig.  20. 


the  points  lie 


closely  along  the  curve  when  0.1 


and  when  the  temperatures  range  approximately  from  l,j?00  to  1*05CTG, 

values  of,  oe) 

which  makes  it  possible  to  assume  that  at  such  /^i3  temperatures  the 

relative  concentrations  of  H-O,  Hg,  COg*  and  GO  are  determined  by  the  j 

conditions  of  the  equilibrium  of  the  water  gas,  j 

1 

Of  extreme  interest  is  the  question  whether  it  is  possible,  through! 

constituents  | 


a  preliminary  introduction  of  water-gas 


into  the  reaction  1 


.  sons,  to  alter  substantially  the  distribution  of  the  oxygen  of  the  air j 

among  the  products  of  deep  oxidation  and  thus  to  influence  the  mean  1 

H  ! 

degree  of  unsaturation  and  the  composition  of  the  hydrocarbon,  products  j 

.  of  gasification.  Even  if  the  added  water  will  not,  because  of  its  j 
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A 


great  chemical  strength,  participate  in  the  reaction,  the  presence  of 

r  '  ..this  excess  water  in  the  reaction  zone  would  be  bound  to* 

lead  to  the  formation  of  relatively  large  amounts  of  carbon  oxides  i 

j 

fT\  .  ; 

and  thereby  also  to  a  decrease  in  &  ,  if  only  the  equilibrium  of  the  j 

y  i 

water  gas  Would  materialize  itself.  A  converse  effect  can  be  expected; 

i 

when  COg  is  introduced  in.  advance  into  the  reaction  zone.  ; 


\  and  Balance  of  Heat-Producing  Capacity  in  the 


Gasification  Products.  For  an  efficient  construction  of  the 


i 


gasification  process  it  is  essential  to  be  familiar  with  the  total  j 

thermal  balance  of  the  process.  The  data  in  Table  3  make  it  possible  | 

i 

to  compute  the  total  heat-producing  capacity  of  products  and,  on  j 
comparing  it  with  the  heat-producing  capacity  of  the  original  benzine,  | 

4 

to  determine  the  heat  l  .loss  during  the  gasification  process.  Figl 

21  illustrates  the  loss  of  the  heat-producing  capacity  (in  percent) 

of  the  original  benzine  in  the  course  of  its  gasification  as 

according  to  contact  time,  at  a  temperature  of  1,G00°C,  in  two 

mixtures  with  a  different  composition  (cC-  0.13  and  CsC  »  0.15).  The 

course  of  the  curves  shown  1  coincides  satisfactorily  with 

'  v  ■ 

the  interpretation  of  the  process  of  oxidizing  gasification  provided 
in  Sections  2  and  3* 
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j  i'tgt  21,  Relationship  Between  the  Loss  in  the.  Heat-Producing 
I  .  Capacity  of  the  Original  fuel  During  Gasification  a 


j  .  wapacxty  ox  tne  unginax  Fuel  During  Gasification  and  the  ; 

j  A-  Loss  in  the  heat-producing  capacity  of  the  fuel  \ 

I  during  gasification  (in  percent)  j 

During  the  first  stage  of  the  process,  during  oxidation  and  j 

I  "  W  *  J 

Incipient  decomposition  of  the  gasified  fuel,  the  decrease  in  the  I 
chemical  energy  of  the  fuel  results  in  the  release  of  heat  which  ! 
heats  up  tne  mixture  to  a.  high  teraper&ture,  in  which  connection  the  i 

|  heat-producing  capacity  of  the  fuel  declines.  The  subsequent  dee©  • 

[  " 

j  endothermal  dissociation  results  in  the  absorption  of  the  heat  and 

|  its  re-conversion  into  the  chemical  energy  of  the  fuel.  As  the 

I  •  \ 

contact  time  increases  in  duratior^he  secondary  exothermal  condensation 

j  reactions  reduce  again  the  useful  heat-producing  capacity  of  the  gasified 

I  '  ! 

j  fuel.  Thus,  minimal  loss  takes  place  at  a  contact  time  during  which  j 

t  j 

the  process  of  the  primary  dissociation  of  the  fuel  comes  to  an  end  ! 

I  ...  ! 

and  the  secondary  j _ _  condensation  reactions  do  not  yet  attain  | 


a  considerable  extent.  A  comparison  of  Fig,  .21  with  Fig.  10  sh< 


ows  t 


that  the  minimal  loss  of  heat-producing  capacity  and  the  minimal  j 

yielf  of  fluid  take  place  at  approximately  equal  contact  time,  which  '  | 
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confirms  the  above- expounded  scheme  of  the  process. 

To . determine  the  change  in  the  loss  of  heat-producing  capacity 

j  at  changes  inacand  in  temperature,  it  would  be -necessary  to  compare 

i 

|  this  loss  for  the  values  of  contact  tine  corresponding  to  the  minimum 

s 

of  the  curves  of  "loss  of  heat-producing  capacity— contact  tine.* . 
However,  we  possess  such  data  only  in  relation  to  two  gasification 
regimes,  and  therefore  data  obtained  at  an  identical  contact  time  of 

i  •  . 

X  -  0,3.  second  were  plotted  in  Fig.  22  for  the  entire  range  of 
the  investigated  values  of  0C  .  The  blackened-in  circles  denote  the 
loss  at  optimal  values  of  ■  '.■Jk  '  for  DC,  -  0.13  and  0.15.  As  can 

i  '1 

I .  ■  be  seen  from  Fig,  22,  the  heat-producing  capacity  of  gasification 


uroducts  decreases  with  increasing  X  and  : 


increases  with 


|  rising  temperature.  WhenfC*  0.03,  for  all  three  temperatures,  the 


heat-producing  capacity  of  the  j 


reaction  products  is  greater 


than  the  heat-producing  capacity  of  the  original  fuel,  whence  it 

;  follows  that  under  these  conditions  the  over-all  reaction  proceeds 
i 

by  absorbing  the  heat  introduced  by  electric  heating,  rfith  inoreasin; 

Of  the  consumption  of  heat  on  the  dissociation  of  the  fuel  becomes 
increasingly  supplied,  by  the  release  of  heat  from  the  oxidization 
of  the  fuel,  until,  at  a  certain  value  of  OC  ,  both  these  values 
/of  heat/  level  ou^pne  another.  Any  further  increase  inoc  will  then 
already  lead  to  a  loss  of  the  heat-producing  :  capacity  of  the  fuel 
A  rise  in  temperature  leads  to  an  increase  in  the  extent  of  the  deco® 
position  of  the  fuel,  and  therefore  the  thermal  balancing  of  the  prcc 


4~ 


requires  the  introduction  of  an  appropriately  large  amount  of  oxygen. 
The  curves  in  Fig.  22  make  it  possible  to  evaluate  the  order  of  raagni-  ^ 
tude  of  the  heat  /lSd0iCistl0n  of  the  fuel  daring  gasification, 


and  its  temperature-dependence .  Jig.  23  illustrates  the  relationship  ■ 
between  the  heat  of  dissociation*,  computed  per  kg  of  benzine,  and 
temperature.  The  circles  denote  the  data  of  the  calculation  for  a 
variable  pc,  and  the  t  "'"crosses,  for  X  *  0.15.  During  the 
calculations  it  was  assumed  that  90  percent  of  the  mixture’s  oxygen 
enters  into  the  reaction  (fig.  8),  and  it  was  considered  that,  in  j 

^ _ _  accordance  with  the  ..  distribution  of  0^  at  every  point,  , 

a  part  of  the  oxygen  oxidizes  carbon  to  CO  and  not  to  C02.  We  ignored; 
the  difference  in  the  heat  content  of  the  mixture  before  and  after 


the  reaction* 


1 
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- - - __1 _  _ _ _ _ __ _ _ _ 

Regarding  the  course  c?  the  cu rve,  it  is  pertinent  to  note  the 
following  s  the  investigated  temperature  range  is  distinguished  by 
being  precisely  the  one  within  which  certain  products  of  thermal 
dissociation  of  hydrocarbons,  stable  at  lower  temperatures,  begin 
to  decompose  themselves,  which  leads  ‘  to  ?.n  increase  in  the  extent 


and  hence  also  heat  of  the  dissociation.  This  pertains  particularly  j 

r 

to  methane  which  is  virtually  totally  stable  at  temperatures  of  up  j 

i 

* 

to  800°G,  and  to  ethane  and  ||  ethylene  which  decomposite  at  a  still 
comparatively  slow  rate  at  temperatures  lower  than  800°C.  With  j 

t 

decreasing  temperature  the  ^  '  '-.  reaction  passes  over  to  a  range  j 

within  which  the  above-enumerated  decomposition  products  (and  j 

farther  on,  also  others  —  propane,  propylene,  etc.)  become  final  ’ 

I 

products  so  that  as  a  consequence  the  heat  I  ~i  absorbed  ! 

:  ’■  *  I 

by  the  reaction  decreases  -«  naturally,—  until  it  becomes  equal  to 
aero  at  the  temperature  of  the  beginning  of  dissociation  (  ^400° 

Conclusions 

The  study  of  the  oxidizing  gasification  of  B-59  benzine  has 
. ' . .  '  revealed  the  following : 

(1)  Under  identical  temperature  and  time  conditions  the  introducticin 

1 

J 

of  oxygen  into  the.  process  increases  considerably  the  extent  of  j 

dissociation  of  the  fuel. 

(2)  The  entire  process  could  be  described  as  a  three-stage  one. 

Birat  occurs  a  rapid  exothermal  reaction  of  destructive  oxidation, 
and  than  an  endothemial  decomposition  reaction,  which  in  turn  is 
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followed  by  the  condensat^fi  of  the  un  saturated  decompo  sit  ion  products. 
According  to  conditions  (vainly  t&nperature),  these  successive  stages  j 

*  i 

may  movo  or  less  ovori&p  *  I 

(3)  The  .decomposition  reaction  and  the  secondary  condensation  , 

reactions  are  clearly  separated  in  time,  30  that  through  an  appropriate 

selection  of  the  time  of  contact  it  is  possible  to  attain  an  extremely j 

1 

high  decree  of  gasification  (up  to  ^90  percent)  with  a  low*  yield  of  j 

I 

condensation  products,  'I 

i 

| 

(4)  Every  temperature  has  its  owp  optimal  ofcc  and  contact  ; 

|  time  resultlnEC  lathe  maximal  yield  of  ?  unsaturated  gases.  * 

I  “  \  .  j 

The  largest  obtained  yield  of  unsaturated  gases  amounted  to  62  percent- 

i 

b"  weight  of  the  b ermine,  l*he  largest  —  36  percent  —  yield  of  j 

*  | 

ethylene  was  obtained  at  Xf00G°0«  ' 

(5)  The  distribution  of  oxygen  among  the  final  products  of  oxidation 

together  with  the  yield  of  free  oyygm  determines  the  mean  degree  of  ; 

unsaturation  of  the  hydrocarbon  products  of  gasification  and  tgr  the 

same  token  the  ]  usea&xixty  of  tbs  gas  in  power  installations  * 

j  and  as  technological  gas*  The  mean  degree  of  unsaturation  o.t  the  i 

j.  i 

1  hydrocarbon  products  of  reaction  does  not  change  until CC  *  0,13  &&&  j 

r 

0.15,  whereupon  it  begins  to  decrease  rapidly.  j 

1 

> 

(6)  A  comparison  of  the  above-obtained  data  with  the  isochore  i 

of  the  reaction  of  water  gas  provides  a  foundation  for  assuming  that  j 
when  oC>.  0.1  and  at  maximal  1,000-1, 050°C  temperatures  in  the  reaction 

'V 

i  J 

|  gone,  the  composition  of  the  non-hydrocarbon  products  is  regulated  by 
j  the  equilibrium  of  the  water  gas.  f 


•  In  this  connection,  it  is  of  utmost  interest  to  make  a  special  | 

stud^of  the  possibility  of  regulating  the  process  by  an  arbitrary  shift 

\  ■ 

i  of  the  equilibrium  through  the  addition  of  various  specific  non-  i 
j  hydrocarbon  '  '  '""'"l  products  of  reaction  to  the 

1  f 

I  original  mixture.  j 


j  1.  Tropsh.»I«d.  Eng.  Ch*B.,«  30*  U9  (1938) 

2.  .Pich  Xer.  “Brennst.  Chem.,”  M,  404  (1935) 

3* 

1.  Tropsh.  "Ind.  Sag.  Chem.,«  30,  159  (1938)  —  Pich  ler.  "Brennst. 

I  Ohem..«  15,  404  (1935 

|  2.  French  Patents  119035,  154000,  192101.  American  Patents  1995136, 
1823593.  British  Patents  448470,  440432,  468729,  and  others. 

3.  Oubrova*  and  Sheinaan.  "Oxidizing  Cracking,”  CHIT  (1936) 

4.  „  Dobryanskii  and  Bogomolov.  "Works  of  the  ♦Khitrigaz* 

Plant.”  Leningrad (193 6}  _ _ 

5.  Birin.  "Gasification  of  Heavy  ,  “  Liquid  Fuel,"  unpublished  MS 

„ _ .(1938),  Library  of  the  :  Institute  of  Chemical  Physics,  Academy 

I  of  Sciences  USSR 

6.  Freg  and  Hepp.  ”Ind.  Eng.  Chem.,«  24,  282  (1923) 

7.  Moor  and  Shllyayeva .  “Works  of  the  'Khimgaa*  Plant,”  2  (1935) 

8.  Evans.  7 "Trans.  Far.  Soe.,»*  35,  824  (l$39) 

9.  £tol*kh.  "Water  Gas,'5  OSH  (1938),  page  30 


jlO.  ”2.  anorg.  C£ggu»«  35,  5  (1904) 

11*  Author* s  *  f  Application  TO  18191 

12.  "Methods  of  Technical  Analysis  Applicable  to  the  Synthesis  of 
Hydrocarbon  Fuels,”  Gostoptekhizdat  (1941) 

Received 

27  November  1944 

E  IT  D 


1%86 


38 


